Projections of future climate are often based on General Circulation Models (GCMs), deterministic models of the earth's atmosphere and oceans. Projections can vary greatly between GCMs, the greenhouse gas emissions scenario envisaged for the future, and model simulations based on different initial conditions. See Chandler et al. (2010) for background information. We use a Bayesian analysis of a two-way random effects ANOVA model to assess which of these three sources of uncertainty are of greatest importance, and the extent to which this depends on climate variable, region of the world and time horizon. Given that projections are only available under 3 scenarios a weakly-informative half-Cauchy prior distribution is used to downweight the posterior probability of physically implausible values.
Sources of climate uncertainty
Is variability in a projected climate variable due mainly to choice of
• General Circulaton Model GCM (climate simulator),
• future greenhouse gas emissions scenario, or
• GCM run (simulation number)?
. Numbers of runs for each combination of 24 GCMs and three socio-economic scenarios (A1B, A2, B1) for the climate experiments in the CMIP3 archive.
• No design ("ensemble of opportunity");
• Lack of balance.
• Zero cells.
• Scenario has only 3 levels.
• Each run takes approx. 1 month.
Simple indices of climate change Related work Yip et al. (2011) create balance, by using data only from the 7 GCMs that have multiple for each scenario, followed by a classical ANOVA decomposition of variability. We seek to avoid discarding data using a Bayesian analysis of a two-way random effects ANOVA model.
A two-way random effects ANOVA
Let Y ijk = measure of change for GCM i, scenario j and run k.
We assume that all random variables are independent.
View the GCMs and scenarios as random samples from notional super-populations of GCMs and scenarios.
Inference
• Little information about variability over scenarios σ S (only 3 levels). Data highly unbalanced.
• REML tends to underestimate σ S ; σ S = 0 is common (Gilmour and Goos, 2009 ).
• Bayesian inference with a weakly-informative prior for σ S (Gelman, 2006) : -N (0, 10 6 ) prior for µ; independent half-Cauchy(A) priors for the super-population SDs:
-A chosen to downweight unrealistic values of σ S , e.g. for 2020-2049 consider 4σ S = 10 • C to be very unlikely. - Gelman (2006) argues against an improper uniform prior for σ S (posterior unrealistically broad) and inverse-gamma( , ) (posterior sensitive to ). -Also look at finite-population SDs s G , s S , s GS and s R , e.g.
2 . -Use R package arm (Gelman et al., 2010) (calls winBUGS) to perform MCMC. • Choice of GCM matters more than choice of GCM run;
Global temperature change
• Choice of scenario matters more later in the century;
• Posterior median of σ S increases (slowly) with A (and posterior becomes increasingly heavytailed). Other posteriors are insensitive to A.
